Introduction
Investigations of photochemical reactions in higher plants and other biological systems frequently require the irradiation of large areas with welldefined regions in the visible and near-visible spectrum. Large glass filters or dyed gelatin filters of the Wratten type are costly. Inexpensive tlheatrical gelatin filters, dyed cellophane, or other dyed plastics are available, but these are limited in variety of spectral characteristics and few of tlhemii have sharp absorption bands.
The laboratory preparation of large dyed gelatin films is very inexpensive. These films are particularly useful for studies in plant photochemistry because the transmission bands can be adjusted to meet the special requirements of each problem. On the basis of laboratory experience and of various reports in the literature (6, 7, 10, 11, 13) , the following informiiation is presented on the technique of preparation of dyed gelatin films and the composition and transmission data for a few typical filters. In addition, data are presented on the transmission of water and solutions of copper sulphate and ferrous ammonium sulphate, which are useful as primary filters for the removal of the infrared and certain other regions of the visible and nearultraviolet spectrum.
With water or aqueous solutions as primary filters and dyed gelatin films as secondary filters, it frequently is possible to isolate single lines of the mercury arc spectrum and fairly narrow regions from incandescent lamp sources. Since the gelatin films can be prepared conveniently in sizes up to at least one square meter, relativ ely high irradiances can be produced over areas of a square meter or more, making it possible to grow muature plants with spectral regions that are well defined and sufficiently narrow for many physiological studies.
The dyed gelatin films to be described were prepared by the general method of casting hot solutions of dye and gelatin onto plate glass. After the layer has gelled, it is allowed to dry. If the glass has been treated previously with silicone, the film can be stripped from the casting plate and mounted between panes of window glass. (11) have not proved nearly so effective in preventing the adlhesion of the gelatin film to the glass.
The silane solution is applied with a cotton swab and all the excess polished off with a cloth. It is important that the masked edge remain untreated in order that the gelatin film in drying may adhere at the edge and not shrink. The vertical edges of the plate also should be treated with silane as this helps to prevent the hot solution from flowing over the edge of the glass. If it starts to run over, surface tension causes it to break readily. After the application of the silane, the masking tape is removed and a band of thinned gelatin solution or glue is painted on the edge. This band is not absolutely essential, but materially helps in holding the edges of the gelatin film to the edges of the casting plate during drying.
The solutions of dye and gelatin are heated separately to about 600 C in a beaker, mixed, and the surface bubbles removed. The casting plate should be warmiied slightly. A bank of nine 75-watt internal reflector lamps mounted on a suitable panel is satisfactory for warming the casting plate. The mixture then is poured gently down a large glass rod onto the center of the plate PLANT PHYSIOLOGY so as to prevent splashing and the formation of more bubbles. The liquid will have to be teased to the edges of the plate with a glass rod or a piece of thin glass since the silicone surface tends to make the solution pull into the center of the casting plate. When the mixture touches the outer untreated edge, it adheres and will not pull away while drying. If the silicone has accidentally reached the edge of the glass and the solution does not adhere, alcohol can be used to remove some of the silicone, or gentle rubbing with a glass rod will frequently cause adhesion. The films are dried in a dust-free room of low humidity with gentle circulation of air. Violent air movement before gelation will disturb the surface. Usually the films will dry within 8 to 12 hours, after which they can be stripped from the plate by loosening from the edge or cutting them out with a razor blade. The films should be stored in a dry environment between layers of paper. If the relative humidity is high and the films tend to absorb moisture, a thin film of a clear plastic coating, such as Krylon, may be applied from a pressurized dispenser. After stripping, the films can be mounted between panes of window glass treated on the inner surface with a silane to prevent adhesion of the filter. The films should be cut exactly equal to the size of the glass to be used and mounted with masking tape to prevent light leakage around the edges of the assembly.
Results and discussion PRIMARY FILTERS
Organic dyes gradually fade to leuco-coinpounds on intense irradiation, and dyed gelatin films deteriorate rapidly at temperatures above 500 C. In addition, all organic dyes transmit freely in the near-infrared; most of the blue and green dyes absorb little beyond 680 to 720 mu. A few dyes such as naphthol green B can be used in high densities to absorb the red and near--. 1 . PLANT PHYSIOLOGY neglected between 350 and 680 m/, with an error of less than 5%. These data were obtained with reagent chemicals using a Beckman spectrophotometer calibrated against solution standards (4). Since ferrous ammonium sulphate oxidizes rapidly to the ferric form in open cells exposed to the air, it is necessary to retard the rate of oxidation by adding a small amount of clean iron wire to the acidulated solution. In figure 2 are given transmission data of a fresh solution of ferrous ammonium sulphate at 300 gm./l. and the same solution after exposure to the air for two weeks. There is little change in the red end of the transmission band, but oxidation seriously attenuates the shorter wave lengths. When iron wire is added, the rate of deterioration is retarded,very markedly. Ferrous ammonium sulphate is especially useful in conjunction with long wave pass gelatin films for isolating narrow red bands in the region of 650 to 700 miU. Copper sulphate is more practical for shorter wave lengths and may be used up to 700 mu if it is possible to tolerate low transmission maxima.
COMPLETE FILTERS In table I and figure 4 are given the composition and transmission data for a few long wave pass secondary gelatin filters. These filters may be used for narrowing the transmission bands of other filters. Those filters with limits in the red are especially useful when combined with copper sulphate and ferrous ammonium sulphate solutions. It will be noted that the red long wave pass filters usually involve a blue or green dye combined with an orange or yellow dye, the latter to block out the blue or green transmission bands of the former.
In table II and figure 5 combination of primary and secondary filters. Reflection losses are not included, however.
For highly critical work where, for example, a photochemical reaction is being excited in a region of low effectiveness, as would be the case at the limits of the action spectrum, the possible presence of film irregularities, such as pinholes or low density areas, becomes serious. In order to minimize the effect of such irregularities the filter may be cast in two or three films with each film having a half or a third of the total dye and gelatin. Sufficient additional water is added to allow the solution to flow over the casting plate. This system is useful also for very high density filters in which one film cannot carry the full complement of dye without clouding. 
Summary
The preparation of large dyed gelatin filters 60 cm.2 is described. Details are given for the preparation of dyed gelatin solutions, the casting of the solutions onto plate glass treated with silicones, stripping of the films from the glass, and mounting. Transmission curves are presented for typical gelatin filters and for various concentrations of solutions of copper sulphate and ferrous ammonium sulphate as primary infrared filters.
